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(54) Title: HELICAL EMBOLIZATION COIL 

(57) Abstract 

A conically helically shaped 
embolization coil (10) for occlud- 
ing a blood vessel, aneurysm, and 
the like. The embolization coil 
includes a continuous platinum- 
tungsten alloy wire strand (11) 
wound into a longitudinally ex- 
tending coil (12) having a plural- 
ity of tightly spaced turns (13). 
The longitudinally extending coil 
is wound into a conically helically 
shaped coil (15) with a plurality of 
radially expanding turns (16) that 
has spacing that increases proxi- 
mally from the distal end (29) of 
the coil. Distal turn (17) of the ra- 
dially expanding turns has a minor 
diameter (18) less than a minimum 
diameter (34) of a vessel (32) of 

which the embolization is to be positioned therein. Uncompressed proximal turn (19) of the radially expanding turns has a major diameter 
(20) greater than a maximum diameter (33) of the vessel in which the coil to be positioned. The conically helically shaped coil and particular 
diameter ensure that the coil is precisely positioned in a vessel lumen without longitudinal displacement of the delivery catheter. The coil 
is stress relieved and, in particular, heat treated by heating the coil to a stress relief temperature of the continuous wire strand and cooled 
to relieve residual stresses formed during the winding of the coil and to minimize the formation of new residual stresses formed during the 
cool down period of the heat treatment. Thrombogenic fibers (26) are positioned in the tightly spaced turns of the coil to attract thrombus 
and build up a mass that occludes the vessel lumen. 
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HELICAL EMBOLIZATION COIL 
Description 

Technical Field 

This invention relates generally to embolization coils 
5 and, in particular, to an embolization coil that is conically 
helically shaped. 

Background of the Invention 

Intravascular interventional procedures for providing an 

10 artificial embolism are desirable in some patients for 
controlling internal bleeding, preventing blood supply to tumors, 
or relieving pressure in the vessel wall near an aneurysm. 
Several approaches are known for providing an artificial 
embolism, including the use of an inflatable, detachable balloon 

15 or the injection of a coagulative substance. Another approach 
utilizes an occlusive wire coil and delivery system for 
positioning the coil at a desirable site in a blood vessel. 

One wire coil and delivery system includes a flexible, 
coiled wire that when released from the distal end of a delivery 

20 catheter assumes a randomly coiled, space-filling mass. The wire 
is released from the catheter by a pusher catheter with a closed 
distal end for engaging the proximal end of the coil. A problem 
with this system is that the wire coil is just pushed out the 
distal end of the delivery catheter toward the target embolism 

25 site and then assumes a folded, convoluted configuration. This 
folded, convoluted configuration is obtained with the use of an 
occlusion wire that possesses memory which returns the wire from 
a stretched to a relaxed convoluted condition. One problem with 
this convoluted configuration coil is that precise positioning of 

30 the coil at the occlusion site is difficult to obtain. This is 
mainly due to the coiled configuration of the wire in which the 
distal end of the convoluted wire engages the wall of the vessel 
and longitudinally displaces the delivery catheter. As a result, 
the delivery catheter and occlusion coil are proximally displaced 

35 from the desired occlusion site. Such longitudinal displacement 
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can readily prevent an aneurysm from being occluded. 
Furthermore, the displaced convoluted coil, which is to be 
positioned in, for example, an aneurysm, then proceeds downstream 
and causes an occlusion at an undesired site. This can cause 
5 additional pressure to be applied to the already weakened wall of 
the aneurysm. 

Another problem with this convoluted coil is ensuring 
that sufficient mass is positioned across the cross-sectional 
area of the vessel lumen to sufficiently restrict blood flow. 

10 

Summary of the Invention 

The foregoing problems are solved and a technical advance 
is achieved in an illustrative embolization coil that is 
conically helically shaped with a plurality of radially expanding 

15 turns. The distal turn of the radially expanding turns has a 
minor diameter less than the minimum diameter of a vessel in 
which the embolization coil is to be positioned. This 
advantageously allows for precise positioning of the coil at the 
embolization site . The distal end of the coil is introduced from 

20 a delivery catheter into the central region of the vessel without 
longitudinally displacing the delivery catheter from the 
occlusion site. As the proximal radially increasing turns of the 
coil expand against the interior surface of the vessel wall, the 
embolization coil is fixedly positioned in the vessel with the 

25 longitudinal axis of the coil being substantially aligned with 
that of the vessel lumen. The uncompressed proximal turn of the 
coil has a major diameter greater than the maximum diameter of 
the vessel to advantageously expand against the interior surface 
of the vessel wall. As a result, the conically helically shaped 

30 coil is fixedly and precisely positioned in the vessel at the 
occlusion site. Furthermore, the radially expanding coil turns 
effectively covers the cross-sectional area of the vessel lumen, 
thus significantly reducing blood flow through the coil. 

To further occlude the vessel, the embolization coil 

35 includes a continuous wire strand that is wound into a 
longitudinally extending coil with a plurality of tightly spaced 
turns. Thrombogenic fibers are positioned in the tightly spaced 
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turns of the longitudinally extending coil to further attract 
thrombus thereto and quickly build up a mass that completely 
occludes the vessel. 

To centrally position the embolization coil in 
5 substantial alignment with the longitudinal axis of the vessel 
lumen, the radially expanding turns of the conically helically 
shaped coil include spacing that increases proximally. This 
advantageously allows the embolization coil to be precisely and 
fixedly positioned at the occlusion site. The thrombogenic 

10 fibers positioned along the length of the coil and the proximally 
increasing turns also quickly build up a mass for occlusion of 
the vessel lumen. 

For advantageously maintaining the conical helical shape 
of the coil, the continuous wire strand is stress relieved and, 

15 in particular, heat treated after the longitudinally extending 
coil is wound into a conical helical shape. The heat treatment 
advantageously relieves stresses that are formed when winding the 
longitudinally extending coil and the conically helically shaped 
coil. The heat treatment process includes heating the 

20 embolization coil at a stress relief temperature of the 
continuous wire strand for a first time period to relieve the 
residual stresses, and then gradually cooling down the coil from 
the stress relief temperature for a second time period greater 
than the first to minimize the introduction of new residual 

25 stresses during the cool down. Preferably, the continuous wire 
strand comprises a metallic alloy material, such as a platinum- 
tungsten alloy, that is substantially free of surface oxidation, 
which is considered a blood contaminant. 

The conically helically shaped coil is formed by winding 

30 the longitudinally extending coil around a longitudinally tapered 
mandril with a plurality of minimally spaced turns. The mandril 
« advantageously comprises a stainless steel material to minimize 

the formation of surface oxidation thereon during the heat 
treatment process . The metallic alloy material of the coil can 

35 also comprise at least one from a group consisting of platinum, 
stainless steel, iridium, palladium, tungsten, and gold. When 
wound around the tapered mandril, the coil is heated at the 
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stress relief temperature of the metallic alloy and then cooled. 
The conically helically shaped coil is removed from the mandril, 
at which time the spacing between the radially expanding turns 
increases proximally from the distal end thereof. The 
5 embolization coil is then positioned in a cannula in which the 
coil is positioned therein in a delivery state for insertion into 
a guiding or delivery catheter. 



Brief Description of the Drawing 
10 FIG. 1 depicts an illustrative conically helically shaped 

embolization coil of the present invention longitudinally 
positioned in the vessel of a patient; 

FIG. 2 depicts the distal turn of the embolization coil 
of FIG. 1 emerging from the distal end of a delivery catheter; 
15 FIG. 3 depicts the embolization coil of FIG. 1 emerging 

from the distal end of a delivery catheter with only the proximal 
turn remaining in the delivery catheter; 

FIG. 4 depicts a partially sectioned view of the 
embolization coil of FIG. 1 in an elongated condition prior to 
20 being wound into a conically helically shaped coil; 

FIG. 5 depicts the longitudinally extending coil of FIG. 
4 wound around the tapered surface of a mandril to form a 
conically helically shaped coil; 

FIG. 6 depicts the conically helically shaped coil of 
25 FIG. 5 after it has been removed from the mandril; 

FIG. 7 depicts an end view of the conically helically 
shaped coil of FIG. 6; and 

FIG. 8 depicts a partially sectioned view of a shipping 
cannula with the embolization coil of the present invention 
30 positioned therein. 



Detailed Description 

FIG. 1 depicts illustrative embolization coil 10 
longitudinally positioned in vessel 32 of a human or animal body. 
35 The embolization coil has been formed into conically helically 
shaped coil 15 having a longitudinal axis that is substantially 
aligned with the longitudinal axis of vessel 32. The conically 
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helically shaped coil has a plurality of radially expanding turns 
16 with thrombogenic fibers 26 spaced at predetermined intervals 
along the length of the coil. The conically helically shaped 
coil extends over almost the entire cross- sectional area of 
5 vessel lumen 35 to substantially impede blood flow and attract 
thrombus. The thrombogenic fibers of the embolization coil more 
readily attract thrombus to further build up a mass that entirely 
occludes the vessel . 

Due to the build up of plaque and other irregularities in 

10 the vessel wall, lumen 35 has a maximum diameter 33 and a minimum 
diameter 34 through any given length of the vessel. To ensure 
longitudinal alignment and fixed positioning of the embolization 
coil in the vessel lumen, distal turn 17 of coil 15 has a minor 
diameter 18 that is less than minimum diameter 34 of the vessel, 

15 and compressed proximal turn 19 of coil 15, when in an 
uncompressed condition, has a major diameter 20 that is greater 
than maximum diameter 33 of the vessel. This sizing of the 
conically helically shaped coil ensures that distal end 29 of the 
coil is introduced from a delivery catheter into the central 

20 region of the vessel. The successive turns of the coil radially 
increase in size as the embolization coil is released from the 
delivery catheter to engage and expand against the interior 
surface or intimal layer of the vessel wall. As a result, minor 
diameter distal turn 17 does not engage the vessel wall and 

25 longitudinally displace the delivery catheter positioned at the 
occlusion site. The proximal radially expanding turns of the 
coil centrally and longitudinally position the coil in the vessel 
lumen. Furthermore, the most proximal turns of the coil readily 
expand against the interior surface of the vessel wall and 

30 fixedly position the coil at the desired occlusion site. 
Precision positioning of the coil is thus readily achieved 
without concern for the embolization coil emerging from the 
delivery catheter and tumbling or drifting to an undesired 
occlusion site in the vessel. 

35 FIG. 2 depicts embolization coil 10 of FIG. 1 positioned 

in a stretched or loaded condition in delivery catheter 36 and 
distal end 29 of turn 17 of the coil emerging from distal end 37 
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of the catheter. Distal end 29 of the coil is centrally 
positioned in vessel lumen 35 with distal turn 17 emerging from 
the delivery catheter. As a result, distal end 29 of the coil as 
well as distal turn 17 is introduced into the vessel lumen 
5 without longitudinally displacing delivery catheter 36 from the 
occlusion site in vessel 32* 

FIG. 3 depicts embolization coil 10 of FIG. 1 emerging 
from distal end 37 of delivery catheter 36 in vessel lumen 35 
with only proximal turn 19 remaining in the delivery catheter. 

10 As shown, the proximal radially expanding turns 16 of conically 
helically shaped coil 15 have emerged from the delivery catheter 
and expanded to compress against the interior surface of the 
vessel wall. As a result, the longitudinal axis of the conically 
helically shaped coil is centrally positioned in vessel lumen 35 

15 and aligned with the longitudinal axis of the vessel. 
Furthermore, the introduction of the embolization coil at the 
occlusion site is accomplished without longitudinally displacing 
the delivery catheter or allowing the coil to flow or tumble in 
the blood stream to an undesired occlusion site. Additionally, 

20 the radially expanding turns accurately and securely position the 
embolization coil at the occlusion site in the vessel. When the 
embolization coil is fully released from the delivery catheter, 
the radially expanding turns of the coil extend almost over the 
entire cross- sectional area of the vessel lumen. This 

25 significantly reduces blood flow and further promotes thrombus 
formation on the coil and thrombogenic fibers 26 extending from 
the coil. 

FIG. 4 depicts a partially sectioned view of embolization 
coil 10 of FIG. 1 in an elongated condition prior to being wound 

30 into a conically helically shaped coil. The embolization coil 
comprises continuous wire strand 11 that has been wound in a 
well-known manner into longitudinally extending coil 12 with a 
plurality of tightly spaced turns 13 and hollow passage 14 
extending longitudinally therein. Continuous wire strand 11 

35 comprises a metallic alloy material 22 that is substantially free 
of surface oxidation that is considered an undesired contaminant 
in the bloodstream of a patient. Preferably, the continuous wire 
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strand comprises a commercially available .003" diameter platinum 
wire with 8 percent tungsten. Other alternative alloys include 
well-known medical grade stainless steel along with alloys 
. including at least one from a group consisting of platinum, iron, 

5 iridium, palladium, tungsten, and gold. These particular alloys 
exhibit extremely low levels of surface oxidation particularly 
when heat treated to relieve residual stresses formed during the 
winding of the embolization coil. Additionally, these metallic 
alloys are also considered thrombogenic to further promote 

10 thrombus formation and occlusion of the vessel at the occlusion 
site. The continuous wire strand is preferably wound into a 
longitudinally extending coil approximately 6 cm long with a 
.014" outside diameter and tightly spaced turns with minimal, if 
any, spacing 27 therebetween. Distal end 29 of the 

15 longitudinally extending coil is soldered or welded to present a 
rounded or smooth surface, which will not catch on the interior 
surface of the guiding catheter. 

FIG. 5 depicts longitudinally extending coil 12 of FIG. 
4 wound around longitudinally tapered surface 38 of mandril 23 to 

20 form conically helically shaped coil 15 with minimally spaced 
turns 24. Ends 39 and 40 of the longitudinally extending coil 
are positioned through respective transverse mandril holes 41 and 
42 and bent to fixedly position the coil around longitudinally 
tapered surface 38. The outside diameter of mandril 23 

25 preferably ranges from .250" to .325" with longitudinally tapered 
surface 38 necking down to a minimum diameter of .030" to .035". 
As a result, longitudinally tapered surface forms an angle with 
the longitudinal axis of the mandril of approximately 41 to 46 
degrees. Since the wire strand and mandril are heat treated, 

30 mandril 23 comprises material 25 such as stainless steel that is 
heat treated in an oxygen free oven or another metal such as 
4 titanium or a metallic alloy that exhibits extremely low levels 

of surface oxidation after being heat treated. As suggested, the 
* stainless steel mandril is placed in an oxygen free oven such as 

35 a commercially available argon oven to minimize surface oxidation 
during the heat treatment process. 
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Longitudinally extending coil 12 wound around 
longitudinally tapered mandril 23 to form conically helically 
shaped coil 15 is stress relieved and, in particular, heat 
treated to relieve residual stresses that formed during winding 
5 of the embolization coil. In particular, these residual stresses 

are formed when continuous wire strand 11 is wound into • 
longitudinally extending coil 12 and, more importantly, when 
longitudinally extending coil 12 is wound around tapered mandril 
23 to form conically helically shaped coil 15. By way of 

10 example, the longitudinally extending coil 12 and tapered 
stainless steel mandril 23 are positioned in a commercially 
available argon oven to minimize the formation of surface 
oxidation particularly on the stainless steel mandril during the 
heat treatment process. The coil and mandril are heated in the 

15 oven to a stress relief temperature of the platinum- tungsten 
alloy of approximately 1,012 degrees Fahrenheit for a first time 
period of approximately 2 hours to relieve stresses formed during 
the winding of the coil. The heated coil and mandril are then 
cooled down from this stress relief temperature for a second time 

20 period of, for example, 8 hours, which is much greater than the 
first 2 -hour time period. This gradual cool down period 
minimizes the formation of new residual stresses that can be 
formed when the coil is cooled down too quickly. 

As was previously suggested, the material of the 

25 embolization coil as well as that of the mandril is selected to 
be substantially free of surface oxidation that can be readily 
formed during the heating and cooling of the coil and mandril in 
the oven. The formation of surface oxidation is a concern, since 
it is considered a contaminant when introduced into the 

30 bloodstream of a patient. After the coil and mandril are stress 
relieved, conically helically shaped coil 15 is removed from the 
mandril. Although the coil has been stress relieved and, in 
particular, heat treated, minimally spaced turns 24 of the coil 
on the mandril expand to a spacing that increases proximally from • 

35 the distal end of the coil. 

FIG. 6 depicts conically helically shaped coil 15 of FIG. 
5 after it has been removed from the mandril. The conically 
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helically shaped coil has a plurality of radially expanding turns 
16 with spacing 21 that increases proximally from distal turn 17 
to proximal turn 19. As previously indicated, distal turn 17 has 
minor diameter 18, whereas proximal turn 19 has major diameter 
5 20. Spacing 21 between radially expanding turns 16 is typically 
no more than 2 mm in width at distal turn 17 and increases 
proximally to a maximum spacing of 5 mm at proximal turn 19. 

FIG. 7 depicts an end view of conically helically shaped 
coil 15 of FIG. 6. Radially expanding turns 16 of the coil are 

10 readily observed from this end view. Thus, it can be more 
readily appreciated how the radially expanding turns of the 
embolization coil nearly cover the entire cross-sectional area of 
a vessel lumen. Thrombogenic fibers of, for example, 
commercially available .00075" diameter Z-twist, DACRON fiber 

15 material are placed at periodic intervals along the length of the 
coil in minimal spacing 27 between tightly spaced turns 13 of the 
longitudinally extending coil. 

FIG. 8 depicts a partially sectioned view of shipping 
cannula 28 with embolization coil 10 inserted therein in a 

20 stretched condition. By way of example, the shipping cannula is 
a 21 gauge thin wall stainless steel tube with Luer-lock fitting 
43 at the proximal end thereof. The embolization coil is 
positioned in this cannula for introduction into a guiding or 
delivery catheter for introduction at the occlusion site. 

25 Normally, the guiding or delivery catheter is percutaneously 
positioned at the occlusion site. The embolization coil is then 
transferred from the shipping cannula into the delivery catheter 
with an introducer stylet that is inserted through the proximal 
end of the shipping cannula and into the passage of the delivery 

30 catheter. To ensure proper placement of the embolization coil, 
distal end 29 of the embolization coil is positioned proximate 
distal end 3 0 of the shipping cannula with proximal end 31 
positioned proximate the proximal end of the cannula. 

It is to be understood that the above -described 

35 embolization coil is merely an illustrative embodiment of the 
principles of this invention and that other heat treated or 
stress relieved embolization coils may be devised by those 
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skilled in the art without departing from the spirit and scope of 
this invention. Furthermore, other conically helically shaped 
coils with spacing that increases proximally between the radially 
expanding turns of the coil may also be devised by those skilled 
in the art without departing from the spirit and scope of the 
invention. Although the embolization coil has been stress 
relieved by way of a heat treatment process, other stress 
relieving treatment processes are contemplated, such as through 
mechanical, chemical, or electrical processes. 
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HELICAL EMBOLIZATION COIL 



Claims 



5 1. An embolization coil (10) comprising: 

a continuous wire strand (11) wound into a longitudinally 
extending coil (12) having a plurality of spaced turns (16) , said 
longitudinally extending coil being in a conically helically 
shaped formation (15) in which the turns are radially expanding, 

10 a distal turn (17) of said radially expanding turns having a 
minor diameter (18) which is less than a minimum diameter (34) of 
a vessel (32) in which said embolization coil is to be positioned 
therein, and a proximal turn (19) of said radially expanding 
turns having a major diameter (2 0) greater than a maximum 

15 diameter (33) of a vessel of which said embolization coil is to 
be positioned therein. 

2. The embolization coil of claim 1 wherein said radially 
expanding turns include spacing (21) therebetween that increases 

20 proximal ly. 

3. The embolization coil of claim 1 wherein said conically 
helically shaped coil is heat treated to relieve stresses that 
are formed when winding said longitudinally extending coil and 

25 said conically helically shaped coil. 



4 . The embolization coil of claim 1 wherein said continuous wire 
strand comprises a metallic material (22) and wherein said 
conically helically shaped coil is formed by winding said 

30 longitudinally extending coil around a longitudinally tapered 
mandril (23) with a plurality of minimally spaced turns (24) , 
» heating said conically helically shaped coil when wound around 

said longitudinally tapered mandril at a stress relief 
temperature of said metallic material for a first time period, 

35 and cooling said conically helically shaped coil when wound 
around said longitudinally tapered mandril from said stress 
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relief temperature for a second time period greater than said 
first time period. 

5. The embolization coil of claim 4 wherein said continuous wire • 
5 strand comprises a metallic alloy (22) that is substantially free 

of surface oxidation and wherein said longitudinally tapered . 
mandril comprises a material (25) that remains substantially free 
of surface oxidation during heating and cooling of said conically 
helically shaped coil. 

10 

6. The embolization coil of claim 5 wherein said metallic alloy 
comprises at least one from a group consisting of platinum, 
stainless steel, iridium, palladium, tungsten, and gold. 

15 7. The embolization coil of claim 1 wherein said conically 
helically shaped coil is heated at a stress relief temperature of 
said continuous wire strand for a first time period and then 
gradually cooled down from said stress relief temperature for a 
second time period greater than said first time period. 

20 

8. The embolization coil of claim 1 wherein said continuous wire 
strand comprises a metallic material (22) that is substantially 
free of surface oxidation. 

25 9, The embolization coil of claim 1 further comprising 
thrombogenic fibers (26) positioned in said plurality of tightly 
spaced turns of said longitudinally extending coil. 

10. An embolization coil (10) comprising: 

30 a continuous wire strand (11) wound into a longitudinally 

extending coil (12) having a plurality of spaced turns (16) , said 
longitudinally extending coil being in a conically helically • 
shaped formation (15) , said continuous wire strand being stress 
relieved after said longitudinally extending coil is wound into 

35 said conically helically shaped coil. 
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11. The embolization coil of claim 11 wherein said conically 
helically shaped coil has a plurality of radially expanding turns 
(16) , a distal turn (17) thereof having a minor diameter (18) 
less than a minimum diameter (34) of a vessel (32) of which said 
5 embolization coil is to be positioned therein and a proximal turn 
(19) thereof having a major diameter (20) greater than a maximum 
diameter (33) of the vessel of which said embolization coil is to 
be positioned therein. 

10 12. The embolization coil of claim 10 wherein said conically 
helically shaped coil is stress relieved. 

13 . The embolization coil of claim 10 wherein said conically 
helically shaped coil has a plurality of radially expanding turns 

15 (16) and wherein said radially expanding turns have a spacing 

(21) therebetween that increases from a distal turn (17) to a 
proximal turn (19) thereof. 



14. The embolization coil of claim 10 wherein said conically 
20 helically shaped coil is formed by winding said longitudinally 
extending coil around a longitudinally tapered mandril (23) with 
a plurality of minimally spaced turns (24) and wherein said 
conically helically shaped coil when wound around said 
longitudinally tapered mandril is heat treated to relieve 
25 residual stresses formed therein. 



15. The embolization coil of claim 10 wherein said continuous 
wire strand comprises a metallic alloy (22) including at least 
one from a group consisting of platinum, stainless steel, 
30 iridium, palladium, tungsten, and gold. 

4 16. The embolization coil of claim 15 wherein said conically 

helically shaped coil is formed by winding said longitudinally 
extending coil around a longitudinally tapered mandril (23) and 
35 wherein said conically helically shaped coil is heated at a 
stress relief temperature of said metallic alloy for a first time 
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period and then cooled down from said stress relief temperature 
for a second time period greater than said first time period. 

17. The embolization coil of claim 10 further comprising 
5 thrombogenic fibers (26) positioned in said tightly spaced turns 

at predetermined intervals therealong. < 

18. The embolization coil of claim 10 further comprising a 
cannula (28) in which said conically helically shaped coil is 

10 positioned therein. 

19. The embolization coil of claim 18 wherein a distal end (29) 
of said conically helically shaped coil is positioned proximate 
a distal end (30) of said cannula and wherein a proximal end (31) 

15 of said conically helically shaped coil is positioned proximally 
from said distal end thereof in said cannula. 

20. An embolization coil (10) comprising: 

a continuous wire strand (11) of a platinum- tungsten 

20 alloy (22) wound into a longitudinally extending coil (12) having 
a plurality of tightly spaced turns (13), said longitudinally 
extending coil wound into a conically helically shaped coil (13) 
having a plurality of radially expanding turns (16) , said 
conically helically shaped coil being formed by winding said 

25 longitudinally extending coil around a longitudinally tapered 
mandril (23) with a plurality of minimally spaced turns (24), 
heating said conically helically shaped coil for a first time 
period at a stress relief temperature of said platinum- tungsten 
alloy to relieve stresses formed therein, and then cooling said 

30 conically helically shaped coil down from said stress relief 
temperature over a second time period greater than said first 
time period to minimize formation of new residual stresses » 
therein, a distal end of said radially expanding turns having a 
minor diameter (18) less than a minimum diameter (34) of a vessel 

35 (32) of which said embolization coil is to be positioned therein, 
a proximal turn (19) of said radially expanding turns having a 
major diameter (20) greater than a maximum diameter (33) of a 
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vessel of which said embolization coil is to be positioned 
therein, said radially expanding turns including proximally 
increasing spacing (21) from said distal turn to said proximal 
turn; and 

5 thrombogenic fibers (26) positioned in said plurality of 

tightly spaced turns. 
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